The effect of insurance type on lung cancer diagnosis, treatment, and survival in Asian patients living in the United States is still under debate. We have analyzed this issue using the Surveillance, Epidemiology, and End Results database. There were 102,733 lung cancer patients age 18-64 years diagnosed between 2007 and 2013. Multilevel regression analysis was performed to identify the association between insurance types, stage at diagnosis, treatment modalities, and overall mortality in Asian and non-Hispanic White (NHW) patients. Clinical characteristics were significantly different between Asian and NHW patients, except for gender. Asian patients were more likely to present with advanced disease than NHW patients (OR adj = 1.12, 95% CI = 1.06-1.19). Asian patients with non-Medicaid insurance underwent lobectomy more than NHW patients with Medicaid or uninsured; were more likely to undergo mediastinal lymph node evaluation (MLNE) (OR adj = 1.98, 95% CI = 1.72-2.28) and cancer-directed surgery and/or radiation therapy (OR adj = 1.41, 95% CI = 1.20-1.65). Asian patients with non-Medicaid insurance had the best overall survival. Uninsured or Medicaid-covered Asian patients were more likely to be diagnosed with advanced disease, less likely to undergo MLNE and cancer-directed treatments, and had shorter overall survival than their NHW counterpart.
Introduction 2015, the National Center Cancer Registry (NCCR) (which includes 72 local, population-based cancer registries and covers approximately 1.37 million people) reported lung cancer incidence in China to be 733.3 per 100,000 persons and mortality to be 610.2 per 100,000 persons [2] . In the United States, lung cancer incidence was 556.0 per 100,000, and mortality was 400.9 per 100,000 persons [3] . In Hong Kong [4, 5] , Taiwan [6] [7] [8] , South Korea [9] , or Japan [10] , lung cancer represents the first cause of cancer death with significant increases in mortality rates over the years.
In Asian Americans, lung cancer is the most common cause of cancer death, and its incidence is second among all cancers in both genders, similar to what is observed in White, Black, Hispanic, and American Indian/Alaska natives [1] . Despite the high incidence rate, Asian cancer-specific survival rates in the United States from 2003 to 2012 were higher than in Whites and African Americans [1, [11] [12] [13] .
Insurance status has been reported to be associated with lung cancer survival; however, most of these studies considered Black and White patients [14] [15] [16] . To our knowledge, there are few such studies [11, 12] on Asian populations living in the United States focused specifically on patients with lung cancer. The purpose of this study is to determine the association between insurance coverage and lung cancer stage at diagnosis, cancer-specific treatment (surgery and radiotherapy), and overall mortality in Asian patients living in the United States compared with non-Hispanic White (NHW) patients using the SEER database.
Materials and Methods

Patient selection
Between 1 January 2004 and 31 December 2013, there were 447,167 patients diagnosed with lung cancer and identified in the public-use SEER database (SEER*Stat software version 8.3.2, Calverton, MD) [17] . The information on insurance type was not recorded until 2007; therefore, the database was restricted to 2007 onward (n = 318,951). Patients who were aged <18 years (n = 28 patients) or >64 years (n = 216,190) at diagnosis were excluded because the designation of insurance type in the database is unreliable for patients ≥65 years of age. The number of patients included in this data analysis was 80,885 (74,301 for NHW and 6584 for Asian patients).
The Icahn Medical School at Mount Sinai Review Board for Health Sciences Research considered this study "exempt."
Variables selection
Patient characteristics included age, race, gender, marital status, insurance type, rural-urban residence, percent of county below poverty, and histologic or pathologic reports. The definition of Asian included Asian or Pacific Islander. Marital status was categorized in three levels: "single," "unmarried/domestic partner or married," and "divorced/ separated or widow." Rural included less urban or rural areas and urban included big metropolitan, metropolitan, or urban areas.
Insurance type was defined as: uninsured (not insured, self pay); Medicaid (any Medicaid including Indian/Public Health Service, Medicaid, Medicaid-administered through a managed care plan, or Medicare with Medicaid eligibility); and non-Medicaid (insured including private insurance, Fee-for-Service, Managed care, HMO-Health maintenance organizations, PPO-Preferred provider organizations, TRICARE, insured/no specifics, Medicareadministered through a managed care plan, Medicare with private supplement, Medicare with supplement, NOS and Military, or no specifics Medicare/Medicare-NOS). Patients with unknown insurance type were excluded from the multivariable analysis.
Percent of county below federal poverty was obtained from linked county-level data [18] . The ICD-0-3 SEER site/histology validation list was used for extracting the information of tumor histology which was then categorized into two groups: small cell carcinoma and nonsmall cell carcinoma (NSCLC). Non-small cell lung cancer was subcategorized into three groups: Adenocarcinoma, squamous cell carcinoma, and others. Tumor staging was based on the 6th edition of the American Joint Committee on Cancer Staging Atlas. Extent of disease was based on TNM staging and categorized as localized (Stage I, no nodal or metastatic disease), regional (stage II or III, nodal disease), or distant (stage IV, any metastatic disease), as previously described by Walker et al. [19] .
Treatments and outcomes
Radiation therapy (RT) and surgery were identified based on SEER variables. Radiotherapy was defined as beam radiation (SEER codes: beam radiation, combination of beam with implants or isotopes, radioactive implants, or radioisotopes). Cancer-directed surgery was defined using SEER surgical codes: surgery at primary site-partial, wedge, segmentectomy, partial lobectomy, sleeve resection, lobectomy, bilobectomy, complete/total/standard/ extended/radical pneumonectomy, and recommended for surgery. Cancer-directed surgery and/or radiation therapy were defined as surgery and/or radiation therapy related to primary lung cancer. Mediastinal lymph node evaluation (MLNE) was defined as regional lymph node removed for examination with or without presurgical systemic treatment or radiation.
The primary outcome was overall mortality. Cancerspecific death or cause-specific death on death certificates was not utilized because they may be subject to misclassification when compared to other approaches [20, 21] . Moreover, cause-specific death may lead to underestimation of mortality resulting from the disease of interest in the presence of competing causes of death. Survival time was defined as the time between diagnosis and death or date of last follow-up, through 31 December 2013.
Statistical analysis
For univariable analyses, Pearson's chi-square test was used to assess the significance of the difference between proportions. Student's t-test or rank sum test was used to assess the significance of the difference between means. The associations between insurance type and overall mortality were studied using adjusted parametric survival curves analyzed by mixed-effects Weibull regression.
A multilevel logistic regression model (adjusted for age, marital status, rural-urban area, percent of county below poverty, pathologic results, and stage of disease, and analyzed under stratification of identical SEER registry where patients lived) was used to identify the association between insurance type and surgical procedure (lobectomy vs. sublobar resection) according to race in stage I-III patients. The analysis on the association between insurance status and cancer-directed surgery and/or radiotherapy (RT) excluded patients diagnosed with stage IV NSCLC because the primary treatment for these patients is usually chemotherapy and these data were not available in SEER. The adjusted odds ratio (OR adj ) with 95% confidence interval (CI) is reported.
The multilevel parametric survival model analyzed under stratification of identical SEER registry was used with multivariable analyses to determine the effect of insurance type on overall mortality. The estimated hazard ratio (HR) with 95% CI is reported. Multiple imputations with multivariate normal equation were performed for any variable that had at least 10% missing values. The results were compared to those from a complete-case analysis, and if they were similar, the results from the complete-case analysis were reported [22] .
All tests were two-sided. A P-value <0.05 was considered statistically significant. STATA program version 14.0 (StataCorp, College Station, TX) was used for statistical analysis.
Results
There were 80,885 patients in this study: 6584 Asian and 74,301 NHW. Patient characteristics differ between groups except for gender. Asian patients were younger at diagnosis, more likely to be married, live in rural areas, in high-income counties, diagnosed with adenocarcinomas, have stage IV cancer, have a lower lobe tumor location, a more differentiated tumor, undergo mediastinal lymph node evaluation, and were treated with lobectomy in comparison with NHW patients. Asian patients were less likely to be uninsured, divorced, or separated, and be treated with cancer-directed surgery and/or radiation therapy in stage I-III (Table 1 ).
Stage at diagnosis
Uninsured patients were more likely to present with distant disease than those with Medicaid and non-Medicaid insurance across all race groups. Patients with non-Medicaid insurance were more likely to present with localized disease than those uninsured or with Medicaid coverage (Fig. 1) . Asian patients were more likely to present with advanced disease than NHW patients (OR adj = 1.12, 95% CI = 1.06-1.19). The proportion of patients presenting with localized, regional, or distant disease according to race and insurance status in each poverty group was similar (Appendix A). However, Asian patients living in a high-income county (percent of county below poverty <10%) were less likely to present with advanced disease than NHW patients (OR adj = 0.48, 95% CI = 0.42-0.55) (Appendix B).
After adjusting for age, gender, marital status, ruralurban area, and percent of county below poverty, the odds (OR adj ) of advanced stage at the time of diagnosis for uninsured and Medicaid patients compared to nonMedicaid patients were 1.64 (95% CI = 1.32-2.05 and 1.31 (95% CI = 1.15-1.49) for Asian patients and 1.63 (1.53-1.73) and 1.21 (1.16-1.26) for NHW patients. There was no significant interaction between race and insurance type (P-value = 0.205). The analysis according to poverty group shows that uninsured patients living in high-income counties were less likely to present with advanced diseased than non-Medicaid patients (OR adj = 0.80, 95% CI = 0.67-0.96) (Appendix B).
Cancer-directed treatment
Type of cancer-directed surgery
The analysis of stage I-III patients shows that the percentage of patients undergoing lobectomy among those with non-Medicaid insurance, uninsured, and Medicaid were 82.5%, 83.2%, and 78.6%, respectively (P < 0.001) (not shown in the table). In the multivariable analysis, patients with Medicaid coverage were less likely to undergo lobectomy compared to uninsured patients ( Table 2) . These results were similar when stratified by poverty status, but the differences were not statistically significant (Appendix C). Asians were more likely to undergo a lobectomy, independently from insurance and poverty status. There was no statistically significant difference in surgical procedures in each stage of disease between uninsured or Medicaid-covered Asians and NHWs; however, in patients with non-Medicaid coverage, lobectomy was more frequent in Asian patients (Table 3 ). There was no significant interaction between race and insurance types for this outcome (P-value = 0.375).
Cancer-directed surgery and/or radiotherapy
Uninsured patients were less likely to undergo cancerdirected surgery and/or radiotherapy (RT). The percentage undergoing cancer-directed surgery and/or RT in uninsured, non-Medicaid, and Medicaid coverage was 73.4%, 83.6%, and 74.1%, respectively (P < 0.001) (not shown in the table). In the multivariable analysis, patients with nonMedicaid insurance were more likely to undergo cancerdirected surgery and/or RT compared to uninsured patients (Table 2) . These results were similar in each poverty group (Appendix C). Asian patients were less likely to be treated with cancer-directed surgery and/or RT than NHW patients. However, the statistically significant difference was shown only in patients living in poor-income county (percent of county below poverty ≥16.5) (Appendix C).
There was no significant interaction between race and insurance type (P-value = 0.368). Those with nonMedicaid insurance were more likely to receive cancerdirected surgery and/or RT independently from race. These results were similar in each poverty group (Appendix C).
Mediastinal lymph node evaluation (MLNE)
Patients with non-Medicaid insurance or Medicaid coverage most often underwent MLNE. Asian patients were more likely to undergo MLNE than NHW patients at the univariable analysis; however, the differences were not statistically significant in the multivariable model. There was no significant interaction between race and insurance type for this outcome (P-value = 0.119). Those with nonMedicaid insurance were more likely to undergo MLNE independently from race. These results were similar in each poverty group (Appendix C). Proportion of patients presenting with localized, regional, or distant disease at time of diagnosis by race and insurance status. All P < 0.001. Stage I disease was considered localized, stage II to III disease was considered regional, and stage IV disease was considered distant. 
Overall mortality
Patients with Medicaid or uninsured status had a higher mortality compared to those with non-Medicaid insurance. Overall mortality was significantly lower in Asian patients compared to NHW patients in a multilevel parametric survival model adjusted for patient characteristics, insurance status, stage of disease, and treatments (Table 4 ).
There were significant interactions between race and insurance type for overall mortality (P-value <0.001). Asian patients with non-Medicaid coverage had the best overall survival (Fig. 2 , P < 0.001). The hazard ratios of overall mortality for interaction between race and insurance type (Table 4) show that uninsured patients or Medicaid patients had worse survival compared to those with non-Medicaid coverage independently from race. However, Asian with any insurance status had better overall survival than NHW with any insurance status. These associations among race, insurance status, and overall survival were similar across groups of poverty (Appendices D and E). Among non-Asian patients, Hispanic patients with non-Medicaid insurance had the best overall survival compared with uninsured NHW. There was no difference in overall mortality between non-Hispanic Black and NHW. However, non-Hispanic Black with non-Medicaid insurance had better overall survival than uninsured NHW. Other comparative prognostic factors for overall mortality in patients with Asian lung cancer included older age, male gender, higher percent of county below poverty, poorer tumor differentiation, and higher stage of disease. The favorable prognostic factors for overall survival were adenocarcinoma cell type rather than squamous cell carcinoma, being married or with a domestic partner, and receiving MLNE with cancer-directed surgery and/or RT. Among NHW patients, prognostic factors for overall mortality were the same as Asian patients. In addition, patients living in rural areas had better overall survival compared to those living in urban areas (Table 5) .
Subgroup analysis of patients diagnosed with adenocarcinoma analyzed by multilevel parametric survival model, adjusted by patient demographic, stage of disease, and cancer-directed treatment, showed the same effects of insurance type and race on overall survival (Appendix F).
Discussion
This study analyzed the relationship between insurance type and stage of disease at diagnosis, treatment, and overall mortality among adult Asian and NHW patients diagnosed with lung cancer using the SEER data set.
Firstly, we found that Asian patients had different characteristics compared with NHW patients: younger, less uninsured status, higher married status, more living in rural areas, less percent of county below poverty, more advanced stage at diagnosis, and less underwent MLNE and cancer-directed surgery and/or RT. Secondly, we found that race and insurance status affected lung cancer stage at diagnosis, types of surgery, MLNE, cancer-directed surgery and/or RT, and overall mortality as described above.
There are some disparities in several aspects of lung cancer patients including stage at presentation, treatment selection, and overall survival or cancer-specific mortality which have been associated with patient race and insurance status [19, [23] [24] [25] [26] [27] [28] . However, these studies report the disparities comparing African American and White patients. Data from the American Community Survey (ACS) and the United States Census Bureau, Census Information Centers (CIC) demonstrated that the Asian population is 5.6% of the total population in the United States in 2003. The Asian population increased 47% from 2005 (13,879,891) to 2015 (20, 416, 808) [29] . Furthermore, data from the SEER database, the Centers for Disease Control and Prevention (National Program of Cancer Registries, NPCR), and the North American Association of Central Cancer Registries reported that lung cancer has the second highest incidence rate (male 47.4 per 100,000 population, female 28.3 per 100,000 population) and the highest mortality rate (male 34.0 per 100,000 population, female 18.2 per 100,000 population) in Asian/ Pacific Islander patients in both male and female (data from 2008 to 2012) [1] . Therefore, lung cancer is very important not only in White and Black populations but also in Asian populations living in the United States. The data from The National Cancer Data Base [27] and the Florida Cancer Data System Registry to the Florida's Agency for Health Care Administration and the US Census [30] found that Asian lung cancer patients had longer survival than White patients after pulmonary resection. Their findings are similar to our present study. The current study showed that the mortality rate of Asian lung cancer patients was lower than that of White and Black patients [1, 27] . Therefore, the risk factors which impact this racial disparity should be further explored.
Several previous studies demonstrated that insurance status had an effect on survival in lung cancer patients. Among patients <65 years, previous studies found that Medicaid or uninsured status was associated with higher mortality compared with non-Medicaid status [14, 31, 32] . The cause of the disparity in lung cancer care or outcomes based on insurance status are likely multifactorial including patient factors such as race, poverty, incomes, and healthcare system. Three possible reasons correlated with insurance status that may impact lung cancer survival: (1) Accessibility of patient care; several previous studies using statewide administrative databases demonstrated that patients with non-Medicaid or private insurance were more likely to be treated at high-volume hospitals compared to patients with Medicaid and uninsured status [33, 34] . (2) Stage of disease at presentation or diagnosis; patients with non-Medicaid status were less likely to present with distant disease and more likely to present with localized disease compared with any insurance status [19] . Our study had the same result. However, in the analysis according to poverty group, Asian patients living in high-income counties (percent county below poverty <10%) were less likely to present with advanced disease at time of diagnosis. This result may be explained by the highest proportion of non-Medicaid status in this group (Appendix G). (3) Surgical procedures or other treatment modalities; patients uninsured or with Medicaid were significantly less likely than those with non-Medicaid to undergo a lobectomy for early-stage NSCLC [15] . The result from this study also confirmed that Asian patients with non-Medicaid were more likely to undergo lobectomy than those uninsured or on Medicaid. Walker et al. reported that among nonmetastatic patients, patients with non-Medicaid status were more likely to undergo cancer-directed surgery and/ or receive RT compared with those without insurance coverage [19] . Our study demonstrated the same results, both in Asian and NHW patients. Esnaola et al. compared surgical resection for localized NSCLC among Whites and African Americans in South Carolina, and reported that patients with uninsured, Medicare or Medicaid status were less likely to undergo pulmonary resection compared with commercial insurance [35] . It is known that LN dissection/or sampling (MLNE) has become the standard of care during curative lung resection in NSCLC [36] [37] [38] [39] . We found that Asian and NHW patients with non-Medicaid insurance were more likely to undergo MLNE than those with uninsured status. Therefore, insurance status was a significant prognostic factor for lung cancer stage at diagnosis, treatment, and survival. However, one of the caveats of the insurance records that we used for this study is that we could not accurately distinguish patients who were covered by Medicaid at the time of diagnosis and those who were uninsured at diagnosis but enrolled in Medicaid at that time-this is common practice by hospitals when individuals qualify to ensure that they recover some of the healthcare costs. In both of these scenarios, the patient would be listed in the database as having Medicaid coverage.
The data from the ACS demonstrated that the Asian population in the United States gradually increased from 13 million in 2005 to 20 million in 2015, approximately 5.6% of the total population of the United States. In 2015, the proportion of the Asian population who had uninsured status, Medicaid, and non-Medicaid was 7.5%, 25.0%, and 73.6%, respectively [29] . The number of people with insurance is increasing while non-insurance is decreasing. This proportion of insurance status is concordant with those of Asian lung cancer patients. In this study, the proportion of Asian lung cancer patients with uninsured, non-Medicaid, and Medicaid status is 6.1%, 70.8%, and 20.5%, respectively, and that of NHW patients is 7.5%, 72.7%, and 17.5% respectively. The proportion of Asian patients having any insurance coverage is significantly higher than those of NHW patients. This finding may explain why the survival of Asian patients is longer than that of NHW patients. Ou et al. reported a retrospective population-based study of NSCLC cases from the cancer surveillance programs of three Southern California counties from 1991 to 2005 and found that Asian ethnicity was an independent favorable prognostic factor for overall [40] . Although most of the independent prognostic factors for overall mortality are the same between Asian and NHW patients, we found some interesting points. Asian patients had significantly higher tumor differentiation, higher stage at presentation, and less cancer-directed surgery and/or RT; but they had better overall survival. Type of cancer-directed surgery variable was not included in multivariable analysis model because of multicollinearity with cancer-directed surgery and/or radiation therapy.
Insurance and Asian American Lung Cancer
Although some of the late stage at presentation and disease treatment patterns may be explained by the proportion of insured patients as described above, other independent prognostic factors should be considered such as genetic or immune disparities among race of patients. Alternative medical practice or any cultural component may affect lung cancer treatment especially in Asian patients [41] . An unproved or disproved alternative medicine approach may correlate with higher stage at presentation and delay or impaired treatment [42] . This information is not available in the SEER database.
To our knowledge, the relationship among insurance status and stage at diagnosis, treatment, and overall mortality in Asian NSCLC patients living in the United States has never been deeply explored. We also found that insurance status does influence stage at the time of lung cancer diagnosis, treatment, and outcome as discussed above. Non-Medicaid patients were more likely to undergo cancerdirected surgery and/or receive RT, and less likely to die compared with uninsured patients, while Medicaid patients had intermediate outcome.
The strength of this study is that this is we reported specifically on Asian American lung cancer patients which identifies the effect of insurance status on lung cancer diagnosis, treatment, and outcomes using overall mortality as a primary outcome. This is different from previous studies that also used the SEER database [11] [12] [13] 19 ]. As we mentioned in the Method section, cancer-specific mortality and cause of death from the death certificates relied on the judgment and interpretation of physicians who evaluated cause of death; sometimes it is difficult to distinguish between cancer-specific and cancer-consequent deaths [43] . Many previous studies described the potential biases introduced by misclassification of cause-of-death and disadvantages in using "cause-specific death" as a primary outcome for population-based survival approach [20, 21, [43] [44] [45] . We used multilevel parametric survival analysis which simultaneously examines the effects of individual-level and group-level factors to assess the effect of insurance status on overall survival adjusted for confounding factors and the SEER registry (as a surrogate of state) where patients lived. We assumed that each SEER registry represents a state that has different characteristics of health care and personnel. Healthcare variables such as hospital volume, hospital type, or surgeon volume are not available in the SEER database, thus we assumed that patients living in the same state had access to a similar healthcare system. Because each individual subject is nested in a group level of SEER registry, a multilevel analysis is more appropriate than a traditional regression which assumes independence of each individual level. This method analysis is statistically more efficient than the traditional Cox's proportion hazard model, especially in a large population-based database.
The limitation of this study involves a function of the data set used. The SEER registry does not include some previously reported variables that may influence the diagnosis, treatment, and survival of lung cancer patients such as hospital types [32] , smoking status [46] , performance status [46] , medical comorbidities [47] , surgeon volume [48] , hospital volume [48] [49] [50] [51] , complementary and alternative medicine practices [42] , and use of systemic chemotherapy, which could not be adjusted in the data analysis. Moreover, the SEER insurance variable does not subdivide those in Medicare and coverage from the military or Veterans Affairs [19] . There is no information about time of enrollment in Medicaid coverage or other insurance that might affect stage of disease at presentation and survival. Bradley et al. [52] and Koroukina et al. [53] reported that patients enrolled in Medicaid around the time of diagnosis presented with more advanced disease and had worse survival compared to those who were previously enrolled in Medicaid. Finally, because of non-specificity of Medicare status in patients ≥65 years in the SEER data set, only 32.7% of patients in SEER database were included in this study; therefore, we could not make conclusions referred to patients age ≥65 years.
The results of this study found that non-Medicaid insurance affected cancer care and mortality. Consequently, the next question for exploration should be what variables create these differences when compared to Medicaid and uninsured status. The barriers to insurance for uninsured patients should also be explored. Currently, lung cancer screening has been accepted in high-risk patients. This will be important for early diagnosis, treatment, and survival. Whenever most insurance types include lung cancer screening with low-dose CT scan in health programs, the effect of insurance type to lung cancer diagnosis, treatment, and outcome is more apparent. To improve patient survival, insurance coverage should be promoted for those with uninsured status.
Conclusions
In lung cancer patients living in the United States, lack of insurance is associated with advanced disease at presentation and less cancer-directed surgery and/or RT compared to non-Medicaid insurance independently from race (Asian or NHW). Patients with non-Medicaid insurance were more likely to be diagnosed at an early stage at presentation, receive cancer-directed treatment, and lymph node evaluation, and have better overall survival. Upcoming policy changes resulting in low-dose CT screening as a requirement in non-Medicaid and Medicaid insurance will alter the stage of lung cancer at diagnosis, treatment, and overall survival in the United States. There are some correlations between race (Asian and NHW) and insurance status, and an effect on overall mortality. Asian patients with or without any insurance had a better survival than uninsured NHW, but only NHW with non-Medicaid insurance had a longer survival than uninsured NHW. The benefit of Medicaid insurance in the United State should be explored further. More studies should be performed to identify the other factors that may relate to health disparities in lung cancer patients such as cost of treatment covered, drug and tests covered, and copayment.
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APPENDIX A APPENDIX B
Odds of presenting with advanced disease at the time of diagnosis according to race and insurance type in each poverty group. Proportion of patients presenting with localized, regional, or distant diseases according to race and insurance status in each poverty group. All P < 0.001. 
